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学 位 論 文 の 要 旨 
 
論文題目「マウスガードの劣化挙動と構造物性変化に関する研究」 
(Deterioration mechanism of mouthguard from the perspectiveof the structural change)            




















第 2章 実験 
本論文で用いた材料、MG製作法、試料調製法、測定法をまとめた。 










ら、MG 使用時に影響する因子は、温度および圧力が主に MG 材料物性に影響している因
子であることが示された。 
第 4章 実使用マウスガードの物理変化の統計的検証 



























Mouthguards (MGs), which are also called mouthpieces and mouthprotectors are widely used for 
many sports at present in order to prevent from and reduce external injuries of oromandibular soft 
tissues. In contact sports, MGs can reduce mechanical shock by their cushion effects and evade 
direct transmission of external-forces to the skull, and thereby, for example, prevent the 
oromandibular injuries and relive concussion. It is important to understand performance deterioration 
of MGs because they are effective protecting for playing sports safely. Ethylene-vinyl acetate (EVA) 
is one of the most common materials for MGs, and its glass transition point (Tg) is known to be 
below room temperature. Therefore, it is conceivable that structural changes owing to 
decrystallization could occur during the routine use of MGs, which may lead to physical property 
changes and eventually loss of function as protecting. Actually, many MG users feel that their MGs 
are getting hard during the routine use; namely, it is necessary to clarify the correlation between the 
structural changes and the performance deterioration in order to maintain the safety of MGs and find 
a guide for the expiration date of the MG use period. In this study, we attempted to investigate 
changes in structures and physical properties, and in addition, reveal mechanisms of deterioration of 
MGs. Furthermore, we will propose the proper exchange period and handling of the MGs based on 
our research results. 
In chapter 1, in addition to the purpose of this study, histories, current states, necessities, effects, 
materials, preparation methods, and previous studies of MGs were described. 
In chapter 2, materials, MG preparations, sample preparation, and measurement methods employed 
for this study were described. 
In chapter 3, the structural changes of MGs and their causes were investigated. No difference 
between MGs used by high school rugby players after about 10 months and unused MGs was 
observed in the chemical structure. In contrast, by the 13C CP/MAS NMR, pulse NMR, and DSC 
measurements, it was found that the routine use significantly increase the crystallinity and the 
component of restricted molecular mobility in occlusal parts of MGs. In order to clarify the factor 
that affects the crystallization of MG, the effects of temperature, pressure, and saliva on the structure 
of EVA films were investigated. The results showed that heat treatments could increase the 
crystallinity and decrease molecular mobility without regard to the VA content. Furthermore, 
compression cycle experiments showed that EVA crystallization could proceed depending on the 
number of pressure fluctuation cycles. Meanwhile, we could not obtain conclusive proofs that saliva 
could affect the physical properties. Overall, we have ascertained that temperature and pressure as 
factors that can cause changes in the physical properties of EVA as a material of MGs. 
In chapter 4, changes in physical properties during routine use of MGs were investigated and their 
statistical verifications were carried out. Structural changes of eight used MGs were analyzed and a 
questionnaire survey were conducted for the MG users concerning determination of whether or not 
their MGs are still usable after the period of the routine use. Increase of crystallinity and decrease of 
molecular mobility in the occlusal parts of MG were confirmed to statistically be significant. 
However, the degrees of those physical changes did not correlate to the abovementioned users’ 
subjective determination. Namely, some users thought their MGs available for further use despite 
that crystallization of those MGs considerably proceeded. Thus, the results indicate that it is difficult 
to subjectively determine the exchange period by users feeling. 
In chapter 5, the effect of thermal treatment and pressure on EVA samples prepared using an MG 
manufacturing machine were studied. EVA films as model samples were prepared by melting and 
quenching, while MGs were prepared by slow cooling. DSC measurements were carried to confirm 
the difference of the thermal history. The quenched EVA film started melting at approximately 5 °C 
lower than the slowly cooled EVA film, while both films finished melting at the almost same 
temperature, 80 ℃. 13C CP/MAS NMR and pulse NMR analyses of MGs showed that increase of 
crystallinity and decrease of molecular mobility were observed after heat treatment at 40 and 50 °C 
for 1 h. Similar changes were observed after a heat treatment of thermal cycles between room and 
body temperatures (25 and 37 °C). Interestingly, however, no physical changes was observed after a 
heat treatment of thermal cycles between 6 and 22 °C. These results indicated that MGs should be 
stored at low temperatures to reduce deterioration of MGs, whereas the crystallization is inevitable 
by the routine use. 
In chapter 6, the conclusion of this study was summarized. All results were concluded in this 
chapter. Proper storage conditions of MGs for prevention of the deterioration were proposed. 
Furthermore, the method to objectively determine whether or not a user can continue to use ones MG 
was suggested, because no correlation between users’ feeling and progress of crystallinity of EVA 
was observed after the routine use of MGs for about 10 months. 
